Introduction
Gauge transformation of a contact metric manifold was introduced by Tanno [12] . He obtained a contact metric structure invariant under gauge transformation. Sakamoto and Takemora introduced the gauge transformation of an almost contact metric manifold in [9] . The study of gauge transformation has been considered by several authors (see for instance [7, 8, 11] ).
In this paper, we find conditions in which k-contact structures, Sasakian structures, and cosymplectic structures are invariant under gauge transformation and we see that if the gauge transformation of a Sasakian manifold is k-contact then it is Sasakian. We study gauge transformation of 3-Sasakian structures, almost contact 3-structures, and 3-cosymplectic structures and take conditions in which these structures are invariant under gauge transformation. Finally, we study gauge transformation of slant submanifolds of almost contact structures. We see that these submanifolds are invariant under gauge transformation.
Preliminaries
An almost contact metric manifold is an odd-dimensional manifold M that carries a field φ of endomorphisms of the tangent spaces, a vector field ξ , called characteristic or Reeb vector field, a 1-form η satisfying φ 2 = −I+η⊗ξ and η(ξ) = 1 , where I : T M −→ T M is the identity map [3] . From the definition it also follows that φξ = 0 , ηoφ = 0 and the (1, 1)-tensor field φ has a constant rank 2n . It is well known that any almost contact manifold (M, φ, ξ, η) admits a Riemannian metric g such that
holds for all E, F ∈ Γ(T M ). The metric g is called compatible and the manifold M together with the structure (φ, ξ, η, g) is called an almost contact metric manifold. As an immediate consequence of (1), one has η = g(·, ξ). [1] . Finally, a normal contact metric manifold is said to be a Sasakian manifold [10] .
LetM be an immersed submanifold of M , TM the Lie algebra of vector fields onM , and TM ⊥ the set of all vector fields normal toM . For any X ∈ TM , we write
where T X is the tangential components of the tangent bundle and N is a normal-bundle valued 1-form on the tangent bundle.
The submanifoldM is said to be invariant if N is identically zero, that is, φX ∈ TM for any X ∈ TM .
On the other hand,M is said to be an anti-invariant submanifold if T is identically zero, that is,
and the angle between φX and T xM is a constant that is independent of the choice of x ∈M and X ∈ T xM − < ξ x > [4] .
A gauge transformation of an almost contact metric manifold (M, φ, ξ, η, g) is an almost contact metric
where σ ∈ C ∞ (M ) and A is a vector field in which dη(φA, X) = dσ(hX) , where hX is the projection of X in ker η .
An almost 3-contact manifold is a (4n + 3)-dimensional smooth manifold M endowed with three almost
) satisfying the following relations, for every α, β ∈ {1, 2, 3} ,
where ϵ αβγ is the totally antisymmetric symbol. This notion was introduced by Kuo [6] and, independently, by Udriste [13] . In [6] Kuo proved that given an almost contact 3-structure (φ α , ξ α , η α ) , there exists a Riemannian metric g compatible with (φ α , ξ α , η α ) and hence we can consider almost contact metric 3-structures. It is well known that in any almost 3-contact metric manifold the Reeb vector fields ξ 1 , ξ 2 , ξ 3 are orthonormal with respect to the compatible metric g . Moreover, by setting H = ∩ 3 α=1 kerη α one obtains a 4n-dimensional distribution on M and the tangent bundle splits to the orthogonal sum T M = H⊕ < ξ 1 , ξ 2 , ξ 3 >.
When the three structures (φ α , ξ α , η α , g) are contact metric structures, we say that M is a 3-contact metric manifold and when they are Sasakian, that is when each structure (φ α , ξ α , η α , g) is also normal, we call M a 3-Sasakian manifold. Indeed as it has been proved in 2001 by Kashiwada [5] , every contact metric 3-structure is 3-Sasakian. A manifold with an almost contact 3-structure (φ, ξ, η, g) is called an almost 3-cosymplectic manifold if each almost contact structure is an almost cosymplectic structure. If each almost contact structure is a cosymplectic structure the manifold is a 3-cosymplectic manifold.
Theorem 2.1 [2] Any almost 3-cosymplectic manifold is 3-cosymplectic.

Gauge transformation of almost contact metric manifolds
In this section we investigate some conditions under which K-contact manifolds, Sasakian manifolds, and cosymplectic manifolds are invariant under gauge transformation.
Proof By using (1) we can write
In the following theorems we find some conditions for which the gauge transformation of a K-contact manifold (Sasakian resp) is K-contact (Sasakian resp) as well.
Theorem 3.2 The gauge transformation of a K-contact manifold
Proof Let (M, φ, ξ, η, g) be a K-contact manifold and (M,φ,ξ,η,ḡ) the gauge transformation by f . Since (£ξφ)ξ = 0 , it is enough to checkhX = 0 for any X ∈ χ(M ) . We see
now using (3) we have
) be a Sasakian manifold. The gauge transformation defined by f is also
Proof Let (M 2n+1 , φ, ξ, η, g) be a Sasakian manifold. Since we can write T p M = D⊕ <ξ >, it is sufficient to prove for the following cases:
For all X, Y belonging to D we have
For all X belonging to D we have
if we setξ = f −1 ξ + Z andφX = φX −ηXφZ in the above equation, we see
Corollary 3.4 Let (M 2n+1 , φ, ξ, η, g) be a Sasakian manifold and f be a function on M such that 0 < f ; then the gauge transformation of this structure by f is Sasakian if the structure is K-contact.
Now we find a condition for a cosymplectic structure to be invariant under gauge transformation. 
Proof Let (M 2n+1 , φ, ξ, η, g) be a cosymplectic manifold. We have
Since dη = 0 , dη = 0 iff dσ ∧ η = 0. Now since dη = 0 and dΦ = 0 we have
and so (φ,ξ,η,ḡ) has an almost cosymplectic structure iff dσ ∧ Φ = 0 and dσ ∧ η = 0 . If this new almost cosymplectic structure is normal it will be a cosymplectic structure. Since we can write
is sufficient to prove for the following cases:
therefore since dη = 0 we have
if we setξ = e −σ (ξ + φA) andφX = φX +η(X)A in the above equation, we see
) be an almost cosymplectic manifold. The gauge transformation defined by e σ is also almost cosymplectic iff
Gauge transformation of almost contact 3-structures
Now we are in a position to investigate the gauge transformation of almost contact 3-structures. First, let
) be a 3-Sasakian manifold. If we setη α = f η α for α ∈ {1, 2, 3} where f is a positive function on M , we have three new contact structures:
Theorem 4.5 A gauge transformation of an almost contact 3-structure has an almost contact 3-structure iff
Proof We haveη
Thereforeη α (ξ β ) = 0 iff A α ∈ H, ∀α ∈ {1, 2, 3}.
and soφ αξβ =ξ γ iff A 1 = A 2 = A 3 . With direct computation we can see that
By setting X ∈ kerη γ and X = ξ γ we see thatφ αφβ −η β ⊗ξ α =φ γ iff A 1 = A 2 = A 3 . Therefore, the almost contact 3-structure is invariant under the gauge transformation iff 
and from (2) and theorem 4.5 we can see that this metric is compatible with the gauge transformation of an almost contact 3-structure. 2
Now with direct computation we have the following theorem
Theorem 4.8 A gauge transformation of a 3-cosymplectic results in a 3-cosymplectic structure iff
Proof From theorem 2.1 we can see that gauge transformation of a 3-cosymplectic manifold is 3-cosymplectic iff each structure is almost cosymplectic. Therefore a gauge transformation of a 3-cosymplectic manifold is 3-cosymplectic iff 
